The risk of transmitting serum hepatitis in dental practice is, of course, by no means confined to the problem of sterilizing instruments. Only minute quantities of blood are required to transmit the disease and in a large proportion of cases of serum hepatitis there is no history of parenteral exposure. In a study employing human volunteers (Barker et al. 1970 ) and using pooled plasma which had been preserved for 15 years at -20°C, it was found that 1 ml of a 1 in 10 000 dilution of the plasma caused icteric hepatitis and 1 ml of a 1 in 10 000 000 dilution caused a virnemia, but no illness, after the normal incubation period. This was despite the fact that the amount of virus in the pooled plasma was comparatively small, being undetectable by gel diffusion methods and having a titre of only 1 in 10 by complement fixation. In some sera as much as 1 % of the serum protein consists of Australia antigen and 1 ml may contain 1013 particles (Almeida et al. 1969) , enough to provide 2000-3000 particles for every human being.
The situation, then, is that invisible amounts of blood may contain an infectious dose of serum hepatitis virus and there is hardly a dental procedure in which instruments do not become slightly contaminated with blood. In oral surgery the instruments, hands, gown, rinse bowl and occasionally the dental unit and surgery furniture may become grossly contaminated with blood. Serum hepatitis is clearly an occupational hazard and it is, perhaps, surprising that we do not all contract the disease early in our careers. About 0.1 % of people in the UK are believed to be carriers of Australia antigen and, if we assume that the 12 500 dentists engaged in private practice treat 20 patients per day then it appears that 250 carriers are treated each day. This increased exposure to serum hepatitis virus results in a higher carriage rate among dentists (Jones et al. 1972 , Glenwright et al. 1974 . In a recently reported study of a group of health workers (Lewis et al. 1973) , of which dentists constituted 3%, it was found that 0.8% were positive for Australia antigen and 16.0 % had antibody to the antigen, compared with rates of 0.4% and 8.7% respectively in the group of carefully matched controls. Applying these rates to the 18 756 dentists in the 1974 register we find that 150 would be expected to be carriers and 3000 to have antibody to serum hepatitis virus. I am sure we would all agree that one ought to be able to receive dental treatment without at the same time receiving a mini-transfusion from some previous patient, or the dentist, or one of his staff. To this end, not only must instruments be properly sterilized and pre-sterilized items correctly used, but blood must be regarded as the potentially infectious material it really is. The dentist should always wear gloves whenever he has a cut or other lesion of the hands. If there is a risk of blood being splashed on to the face a mask and spectacles, or visor, should be worn. A wash bottle containing fresh, strong hypochlorite solution (10 000 parts/106 available chlorine) should be available for treating areas which become contaminated with blood. A disadvantage with hypochlorite is that it may corrode metals other than stainless steel; a suitable alternative is 2 % buffered glutaraldehyde. The dental nurse should be provided with heavy duty rubber gloves for handling bloody instruments, and the sink where these instruments are washed and items such as aspirator bottles and rinse bowls should be regularly washed down with hypochlorite or glutaraldehyde. Needles and other sharp disposable items should be placed in rigid containers and bloody swabs and similar materials in impermeable waste bags. The arrangements for final disposal of materials contaminated with blood are problematical and unsatisfactory in many dental practices. A little bleeding so commonly occurs during dental treatment that most dentists become indifferent to contamination with blood. The hazard inherent in this attitude must be appreciated and much greater care exercised. (1973) 
Handpiece Sterilization in General Practice
The dental handpiece is the most difficult dental instrument to sterilize. A few methods are available and are used in institutions, but all have disadvantages which effectively rule out their use in general practice. In order to understand the reasons for this, it is necessary to consider the requirements of general practice and the available techniques of sterilization.
Requirements
The requirements of a method suitable for general practice in Britain might be expressed as follows:
(1) The process must be safe to operate.
(2) Sterilization must be effective and easily tested for failure.
(3) The component parts of the handpiece, and especially the bearing surfaces, must not be damaged as a result of the process by corrosion, deformation of shape or deterioration in any other physical property.
(4) Optimum cleansing and lubrication of the parts must be maintained, preferably without post-sterilization handling.
(5) The process must cause no unpleasant changes in the surgery environment.
(6) The process should not occupy more than 15 minutes elapsed time from use to re-use of the handpiece. (7) The total manual work time for the process should not exceed, say, 2 min per handpiece. (8) No special skill should be needed to operate the process. (9) The cost of the process, including power, special equipment, its installation and maintenance, must be low, say, not more than 3p for each sterilization of a handpiece during the working life of the apparatus.
Many of these requirements are self-explanatory; others may be amplified briefly. Process safety should include freedom from toxicity, both immediate and residual, the control of explosive or combustible mixtures, fail-safe mechanisms on pressure vessels, and the like. Sterilization tests should be easy to perform with colour change indicators as a routine precaution. These should be supplemented by bacteriological tests from time to time; suitably convenient spore +recovery medium packages might be developed, which could be mailed to a laboratory for incubation. 'Unpleasant changes' in the surgery environment include oil and other fumes, excessive water vapour and noise.
The economic aspects indicated by items (6), (7) and (9) are particularly important. A dentist with only two sets of handpieces and, say, appointments every quarter of an hour could afford a maximum time of 15 minutes from use to re-use of any handpiece. Extra sets would extend the allowed process time, but with one drawback: the extended time would rule out the possibility of devising a procedure in which the handpiece and other dental instruments are sterilized together, since duplication or triplication of the entire instrument stock would be prohibitively expensive. Coincident sterilization, though not stated as a requirement, has obvious practical attractions.
The direct cost of the sterilization process is more difficult to calculate. With sterilizing equipment costing £200 and running costs over two years of £50, with 20 sterilizing cycles per day and a five-day working week, the cost each handpiece sterilization would be 2ip throughout a two-year period. The sterilizing apparatus ought to last longer than this, but might also be more expensive.
Existing sterilization methods may be examined in the light of these requirements.
Chemical Methods
Most chemical agents disinfect but do not sterilize. That is to say they do not destroy all bacterial and mould spores, or viruses, under practical conditions of time, temperature and concentration, but only the vegetative forms of pathogenic bacteria. For instance, agents such as hexachlorophene, chlorhexidine and other phenolics, ethanol and isopropanol, quaternary ammonium compounds, heavy metal salts, iodine and iodophores, are ineffective against spores.
There are a few chemical disinfectants which are regarded as sporicidal under practical conditions. They include formaldehyde, glutaraldehye, ethylene oxide, propylene oxide, methyl bromide and ,B-propiolactone. /3-propiolactone vapour is the most rapidly active of all these agents, but it has been shown to cause skin tumours in mice (Roe & Glendenning 1956 , Palmes et al. 1962 , and has therefore been abandoned for decontamination use. Formaldehyde vapour tends to polymerize on surfaces, and treated material must be aerated for some hours to disperse these residues. It is also a fierce tissue irritant, has poor penetrating ability and promotes corrosion. Glutaraldehyde has a low volatility and must be used in aqueous or alcoholic solution. It may take several hours to inactivate spores dried on to instruments. Methyl bromide and propylene oxide gases are also too slow for instrument sterilization.
Ethylene oxide gas remains, which may be the most useful chemical agent to date for the handpiece, and which is so used in institutions. Its advantages are that it has good penetration, both through oil films and some plastic wrappings; it is relatively harmless to handpiece surfaces since the oil film remains intact; it has acceptably low toxicity (including carcinogenicity); it is active against pseudomonads, bacterial spores, and a large number of virus species; it is not inactivated by organic matter. However, the necessary process time is again too long for general practice.
Even at elevated temperatures it takes 90 minutes' exposure for complete sterilization, and there is then the need of post-treatment aeration to disperse the residual gas.
It seems, therefore, that chemical agents cannot at present meet the requirements of general practice.
Physical Methods
Physical sterilization agents have several advantages over chemical agents. There is a greater uniformity of microbial response to physical agents. In particular, no species shows an absolute resistance to a destructive physical agent, whereas some chemical disinfectants support the active growth of certain species.
Physical agents involve the direct transfer of energy without specific molecules as intermediates, and therefore the penetration of energy into the system and its diffusion out afterwards are simple. Two advantages of this are that high energy concentrations can be created quite easily, giving more rapid processes than with chemicals, and that the problem of removing harmful residues is largely avoided.
Several physical agents are available for use in sterilization, but are not applicable to the handpiece. Ultraviolet light can sterilize a surface, but only where it strikes. The interior of a handpiece would escape its action. Penetrating radiations, of which gamma radiation has the widest applicability in hospital supplies, can be operated safely and economically only under large scale industrial conditions. Microwave and induction heating are not suitable because of the materials and geometry of the handpiece, and ultrasound has no independent lethal effect on spores at feasible energy levels.
The field has narrowed down to heat which remains for the present the only agent capable of meeting the requirements of handpiece sterilization in general practice.
Dry Heat
Dry heat can be applied to a handpiece in an oven, where the heat transport medium is usually air, or in a bath of liquid, usually oil. Accepted conditions of exposure to dry heat which ensure sterility include 160°C for two hours' holding time and 180°C for 30 minutes (Perkins 1969) .
Adding the heating up and cooling down times to these gives use to re-use periods greatly in excess of those available to the general practitioner.
If the exposure temperature could be raised to above 220°C the holding time would be greatly reduced, since sterilization rate increases exponentially with arithmetic increase in temperature.
But there are two serious problems with the application of dry heat to the handpiece: (1) In the case of all-metal instruments the manufac-turers of handpieces recommend not heating them over 180°C, because low-fusing solders are used in their construction; handpieces with plastic or rubber parts would have an even lower temperature tolerance. (2) Thin films of even the most heat-stable lubricants, with additives to protect them, deteriorate at these high temperatures and form hard varnishes or sticky gum residues in the presence of oxygen. These increase bearing friction to unacceptable levels and are difficult to remove. The oil bath avoids varnish and gum formation but produces unpleasant fumes or smoke at these temperatures. Also the handpiece must be drained of the excess oil, which is difficult without partly dismantling and therefore recontaminating the handpiece, and the handling time becomes excessive. Wet Heat Wet heat differs from dry heat in that, for reasons only partly understood, it is several orders of magnitude more efficient in destroying microorganisms than dry heat. Wet heat can only be classed as a sterilizing agent at temperatures above 120°C, since below that spores may fail to be inactivated after many hours' treatment. Boiling water, for instance, is merely disinfectant, and the same is true ofboiling corrosion-inhibiting emulsions, such as ACIO, which have been used for handpieces.
Above 120°C sterilization becomes possible within reasonable times. For example, 3 minutes' holding at 132°C is effective, and the heat-up time is brief since saturated steam is an extremely efficient heat transport medium. These are the conditions provided by conventional autoclaves, including the small bench-top models intended for use in dental surgeries. In fact, saturated steam above 130°C seems to be the only agent which is fast enough.
However, some special problems presented by the handpiece make it difficult for steam to fulfil two other requirementssatisfactory sterilization and freedom from damage. SpecialProblems in Steam-sterilizing the Handpiece Like all rotary instruments, the handpiece has bearings, which, with the exception of airbearing turbines, are made of compatible bearing metals, especially brass or bronze against steel. There is a movement among manufacturers towards the use of rust-resistant steel components, but still some handpiece parts are made of carbon tool steel or spring steel. The lubricant film which limits friction between the moving parts is therefore also needed as a barrier against moisture to prevent corrosion.
Although the oil film will protect vulnerable surfaces against contact with saliva, the protective properties are usually inadequate if water is present in the sterilizing process, especially with heat. Once corrosion is initiated, the bimetallic couple effect (steel against copper alloy) accelerates the process. The handpiece overheats or jams, and expensive and time-wasting maintenance is required.
Another aspect of this situation may pass unnoticed by the practitioner, as indeed it has been unacknowledged by the manufacturers. That is that an oil film which even partially protects a metal surface will also protect bacteria which come to lie within it. The film is likely to inhibit the penetration of steam and interfere with sterilization especially in areas of restricted access. This would not be important if oral contaminants also failed to reach such areas in the handpiece. Unfortunately contamination does reach them. Fig 1 (left) shows a contra-angle shaft-driven handpiece dismantled, cleaned and lubricated with castor oil (non-fluorescent), and photographed under ultraviolet light. This handpiece was then assembled and used with a rubber cup to polish a subject's teeth for five minutes at speeds up to 4000 rev/min. The subject had previously dissolved a safe fluorescent dye (Tinopal GS-Geigy, 4 mg) in the saliva. The handpiece was then dismantled and rephotographed (Fig 1, right) . Fluorescing saliva can be seen inside the bearing tube of the chuck and around the end gear of the drive shaft which engages with the chuck. This provides a clear demonstration that if the instrument is to be sterile, the process must extend to the less accessible areas of the interior of the handpiece.
Penetration ofContaminants

Conclusion
Since the 1890s when the need for sterilizing dental instruments began to be accepted, the dental handpiece has held an anomalous place in the instrument sterilization, and has been the object of inconsistent and despairing attention. Unfortunately this is still the case, and there is no satisfactory way for a practitioner to sterilize his handpiece. The limiting factors are the present materials of handpiece construction, and the need for a water-repelling oil film.
The only serious answer is for the manufacturers to carry out minor changes in components. Thus, if the handpiece were made from rust-resistant components, as are a few special handpieces for use in the operating theatre, it would be possible to use a lubricant which allows penetration of steam, the handpiece could be steam sterilized with other instruments, and the most intractable sterilization problem in general practice would be solved.
